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ABSTRACT

The infrared (IR) spectra of small clusters of atoms ([MM'(OH)2] and [MM'(OH)2 (H2O)6], where
M, M' = Al3+, Mg2+, Fe2+, Fe3+) mimicking the environment of the OH group in dioctahedral
phyllosilicates have been modeled using ab initio quantum mechanical calculations. These model-
ing results are relevant to establishing the connections between IR spectra of phyllosilicates and
their composition, and to investigate the utility of quantum mechanical models for calculating IR
frequencies of minerals. This study focused on the OH stretch and in-plane bend fundamentals,
because they give rise to a combination band near 4545 cm–1 (2.2 mm) that can be observed in
imaging spectrometer or hyperspectral remote sensing data.

A comparison among results obtained using both ab initio [Hartree-Fock (HF) and Density Func-
tional Theory (DFT)], and semi-empirical [PM3(tm)] methods, showed that the DFT model ap-
proaches IR frequency experimental values most closely.

IR spectra of phyllosilicates were modeled using the DFT method. The modeled frequencies
were scaled using a mode-dependent linear transformation, and experimental frequencies were re-
produced satisfactorily. The modeling results show that most of the variability observed in the OH
in-plane bend fundamental of dioctahedral phyllosilicates can be explained by the effects of neigh-
boring octahedral cations alone. Discrepancies between modeling and experimental results in the
case of the OH stretch point to the existence of factors other than the nature of the neighboring
octahedral cations, such as tetrahedral substitution, affecting this fundamental mode.

INTRODUCTION

IR spectroscopy of the OH group in phyllosilicates

The importance of spectroscopic studies of the OH funda-
mental modes of vibration for the understanding of crystalline
structure and cationic composition of phyllosilicates was ap-
parent very early on. Works by Tsuboi (1950), Sutherland
(1955), Serratosa and Bradley (1958), Fripiat (1960), and
Vedder and McDonald (1963) focused on the relationship be-
tween infrared (IR) spectra and crystalline structure of
phyllosilicates, especially the OH orientation. Tuddenham and
Lyon (1960) in natural samples, and Śtubičan and Roy (1961)
in synthetic minerals, observed gradual changes in the posi-
tions of certain IR absorption bands in the spectra of
phyllosilicates with increasing cationic substitution. Jørgensen
(1964) argued that such changes were distinct steps rather than
gradual in nature.

In 1956 Beutelspacher correctly assigned the 925 cm–1 band
as an octahedral cation-OH bending vibration. Vedder and
McDonald (1963) refined that assignment, concluding that the
925 cm–1 band corresponded to the OH in-plane bend, d(OH).
These authors assigned the other two fundamentals involving

OH in micas: 3628 cm–1 for the stretch, n(OH), and 405 cm–1

for the out-of-plane OH bend, g(OH). Vedder and McDonald
(1963) also identified the combination of n(OH) and d(OH)
occurring near 4542 cm–1 (2.2 mm). Unlike the OH fundamen-
tals, the 2.2 mm combination band can be observed in reflected
imaging spectrometer or hyperspectral remote sensing data, as
it occurs in an atmospheric transmission window: a portion of
the electromagnetic spectrum in which the absorption of in-
coming solar irradiance by atmospheric gases is minimal.
Analysis of imaging spectrometer data can provide informa-
tion on cationic composition of phyllosilicates and other min-
erals in large natural systems.

Numerous empirical studies showing correlation between
the position of IR bands and composition of phyllosilicates fol-
lowed (Farmer 1974 and references therein; King and Clark
1989; Clark et al. 1990; Post and Noble 1993; Duke 1994;
Swayze 1997; Petit et al. 1999; Yang et al. 2001). Empirical
observations indicate a correlation between the location of OH-
related IR bands and cationic composition of the octahedral
sheet in phyllosilicates, but not causation.

Modeling of the IR spectra of minerals

Quantum mechanical models (Head-Gordon 1996) apply
the principles of quantum mechanics to calculating the static
and dynamic properties of molecules. This is achieved through
the analysis of the Born-Oppenheimer electronic Potential En-
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